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Section I

1W3ODJCTIOU

This Operating Manual is for a Programeing System for Nmerically

Controlled Fl== Cutting of Ships Parts. Computer pr en"plere

with operating instructions, flow diagram, and program listings,

are included. Sample programs and special instructions are provided

to clarify the use of the System.

The System presented herein has been developed using:

- I-1620 computer, 6C9 memory, with card and tape input
and output

- California Computer Products No. 560 digital plotter,
connected on-line to the computer

- I3 No. 026 printing key punch

- Flexowriter No. NC-1

- Air Reduction Company 'Tape-O-Graph" flame cutting machi-se,
with General Electric Co. Mark Century director

Because this equipment was used in developing the System, the programs

written by the Pro.eet and presented herein are for these specific

units. The System Flow Diagram, using the AUT(NAP II parts program-

ming language and the equipment specified above, is shown in Fig. I-1.

Programs can be written for and, in some instances, are already available

for similar equipment of other manufacturers.

The presentation of t-1ese computer programs does not constitute endorse-
ment or recommendation for any specific product, but are presented as a
guide to the requirements for any system developed around any combination
of equipment.

Programmers' Manual available to users directly from IBM Corp.

5.0.0 1-1
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The System presented here has had imposed upon it the requirement that

it be able to accept information from the ensinseriugi/working drawings

in the form presently used. This .ability may lead to the earlier use

of the System, but improved design formats based on numerical control

requirmnts would allow for more efficient programming.
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section II

7M3 PMOUIUG 1T1

Lw -1IULI
The input information with which the parts progrmr starts is

obtained from the working drawings and from the loft. The loft

information can cam from either the cmn graphical loft or from a

mathmatical loft.

A. grahical loft

If the pregramr is to obtain his information from a graphical

loft, he mut have all of the final corrected offsets for

francs, including all waterlines, buttocks, offsets for sight

edges of decks, longitudinals and shellplates. In some

instances, it may be necessary to have m=re offsets than just

the normal aoumt used by the grapbical loft. 3xperience will

( indicate the optimum number required.

These offsets must be accurately neasured and verified. If a

dimension is misread, which is not uncommn, a bad part will be

produced. A point reading X-Y plotter could be used to over-

ce this problem and to speed up the process of obtaining

offsets.

For parts programing, the offsets should be listed in a different

way than is ordinarily used. A suggested form for such listing

is shown in Fig. 11-1.

5.0.0 U1-1
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B. Mathematical Loft

If the parts programmr receives his information from a mathematical

loft, he m_,st be gfven a simvlar printout and a deck of cards con-

taini the sm information furnished by the graphical loft. In

Addition, he must have cards containing the coefficients of the

equations which define the hull form at the frames. These cards

must contain the limits of the equations, i.e., the points of

beginaing and ending of that part of the curve defined by that

particular equation, and the frame number defined. Typical punched

cards, giving hull coefficients and coordinate data, are shown in

Fig. 11-2.

The programing language specifications require that the language

be capable of accepting the coefficients of cubic equations of the

form X - my3 + by2 + cy + d. If the hull is defined in another

(hanrer, such as by conic equations, then the parts programing

language selected must be capable of accepting that form of input.

C. Working Dravings

Working drawings as presently dimensioned do not give the informa-

tion in the form required by a parts programmer; therefore, the

programmer must convert much of the dimensional information to

coordinate form.

If the hull form information is to be loft offsets, it may be more

convenient for the programmer to place this information on the

workik* d~awiug. Fig. 11-3 shoi s a sa--pla working draw.in to which

coordinate identification has been added.

Assuames the use of the mathematical lofting system developed under
Contract NObs-4427 (lef. 1)

5.0.0 11-3
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Fig. 11-2 Cards Containing Coefficients or Coordinate Data
from Mathematical Loft
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PROGRAMMING T PART

Once having the input information in the format desired, the progrmmer

can then proceed to program parts for cutting. He can program these

parts either manually or by computer, depending upon the complexity of

the part.

A. Proa-ming for Tape Punch Typewriter

For the simplest parts, the programer may find it more efficient

to prepare the program for a tape-punching typewriter. To do this,

he prepares a written program, listing all of the instructions

needed to guide the machine. Generally, he can direct the machine* -
in straight line or circular cut only. He mast know the beginning

and ending points of all lines and their intersections with circles.

If he must define curves', and this is not recommended in manual

programming, it is necessary that he segment the curve in a series

of straight lines of such length that the curve will be simulated

within the desired tolerance.

Manual programming of rectangular parts is relatively simple,

especially if the corner points are known. However, one can

readily see that the complexity of programing increases rapidly

when it becomes necessary to find the points of tangency between

lines and circles, intersections of lines and curves, or segment

curves into a series of straight lines. In most of these cases,

it is recommended the part be programmed by computer.

The programmer lists on a form all of the machine instructions

in the sequence desired and in the format understandable by the

Some directors have the additional capability of cutting parabolic curves.

Other than circular arcs

( 5.0.0 11-6



machine director. This information is then punched into tape,

using a tape-punching typewriter. This paper tape can then be

fed into the machine director. A sample parts program is given

in Appendix A.

Decause the tape thus produced is used directly LJ the machims,

nesting of multiple parts on a single plate must be done b~fM

programming, and the whole plate of parts programmed in sequeme

from the same axis. This type of nesting can be very time-cousuming,

and it will probably be more economical to program even the

simplest of parts by computer if they are to be nested on a single

plate.

If the burning machine to be used .does net have automatic kerf

compensation, the path which the flame takes must be defined, rather

than defining the actual edges of the part. This is to compensate

for the material removed.

B. PrograMina for Computer

In this method of programming, we depend upon the computer to solve

all of the arithmetic calculations t6:

determine points of intersection

segment curves

offset the flame path sufficiently to compensate
for kerf width

We also have the computer complete the conversion of the data into

punched tape with the hole pattern in a format acceptable to the

buAting machine.

Refer to Ref. 2 for a detailed explanation of computer parts programing
language capability.

( 5.0.0 11-7



To program parts by computer, the programmer first describes the

geometry of the part in the programming language selected; he then

lists the operations the machine must make to cut the part.

By using ICRO instructions, programming effort is greatly reduced.

This time-saving feature is demonstrated in the part program

detaiied in Appendix 3, which luludes

The program using only the basic language capabilities
of AhrDi&P**

The same program using six N&AM instructions

Ten ULCRO instructions written to minimize programing of
repetitious operations and functions

A library of punched cards containing these macros is maintained,

and the appropriate cards are selected, as required by the programmer.

The MhGO cards are read into the computer after the compiler has

been inserted and before the actual parts program is used.

Once the offsets from the graphical loft, or the coefficients of

equations from the mathematical loft are known, they, too, can be

C pre-punched and appropriately inserted in the program card deck.

The fourth section of Appendix B shows the same program using this

capability.

By using the two above-described features, savings in time required

to write the programs for the sample floor is sumiarized as follows:

Written Programing
Instructions Preparation

Required Time

Program using only basic language
capabilities 148 2.5 hr.

Program using six of the MACRO
instructions 48 .8 hrs

Program using (a).MACbOS, and (b)
pre-punched coefficients & coordinates 25 .5 hrs

•See Page A-5 of Ref. 2 for complete description and use of MACROS
**For complete details in the use of AUTOKAP, see Ref. 3
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The programing process as described thus far has been developed

within the capability of language and equipment available to the

Project. If a high-volume of programing work is available to

justify rental costs, the process can be made significantly more

efficient with:

Greater computer memory capacity to permit use of MACROS
large enough to define similar repetitive parts completely

When the system is placed into full production operation, these

and other improvements will undoubtedly be generated to make the

process of programming parts more efficienti The fifth section

of Appendix B indicates what may be expected to be typical programs

for similar parts under a high-volume programing operation.

KEY PURCENE THE PROGRAM (FOR COMPUTER)

The completed parts program next goes to a key punch operator who punches

the input cards for the computer. Tape-punched computer input is not

( recommended, except perhaps in a very low-volume operation.

Experience has shown that a key punch operator skilled in normal business

data card punching can be readily taught to punch numerical control tapes

and cards.

COMPUTEr OPERATION

After the cards are punched, they are supplemented with any pre-punched

cards called for in the program to form the data input to the computer

language program. MACRO cards are read prior to the data input, as

previously stated.

The computer operating instructions are furnished with the language

- 5.0.0 I1-9



programs (ref. 3) Training in the use of the parts progrming

language and in the operation of the computer is generally furnished

free of charge by the computer manufacturer.

-~CU THE PROGAM

The parts program must be checked for accuracy before cutting a part.

This checking can be done during the computer operation and at some

phase prior to the post processing.

The procedure developed uses an "on line" plotter which is used to

draw a reduced-scale picture of the part. Experience has shown that

programing errors (as opposed to measurement errors) are readily

discernible on a small-scale plot of the part and are usually also

easily corrected at this time.

The plotting program and operating instructions for use with the .AlIPM

language, the IM-1620, and the California Computer Products Co. plotter

are included in Appendix D. Similar programs can be written for other

languages, computers, and plotters.

A typical plot produced on a Cal-Comp plotter is shown in Fig. 11-4, and

Fig. 11-5 shows the plot of a part containing prograiing errors to

demonstrate how readily distinguishable such errors become. A typical

part plot from a General Dynamics 4020 plotter, employing the APT

language, is shown in Fig. 11-6.

5.0.0 11-10



Fig. 11-4 Typical Plot of Part Produced on Cal-Comp Plotter
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Tot ETIN IW)CED

The nesting procedure developed employs the plot of the parts which were

produced for checking purposes in the previous step, and the punched

cards which were used to generate the plots.

The procedure used is as follows:

a. The plotted, scaled parts are cut out around their periphery
with scissors. This need not be a precise operation.

b. Theme plots are then manually nested on graph paper on which
the plate dimensions have been outlined. This operation is
shown in Fig. 11-7.

c. For each part, the X and Y coordinates of the location of any
two widely separated known points on each part, such as
corners, are read from the graph and recorded on a form such
as is shown in Fig. 11-.

d. This information for each plate is then punched into cards,
one card for each part.

e. These cards are then merged with the cards which were used in
the original plotting operation.

f. The cards are then re-run in the computer, where the original
dimensions are rotated and translated to their new locations
on the plate, and then post processed to produce a tape for
the burning operation.

g. Using either cards or tape, a final sketch can be drawn on the
plotter to show actual sequence of notions of the burning machine.
Figure 11-9 shows such a sketch.

The program and operating instructions for the post processor (which

includes the nesting routine) for the AUTOhIAP language and General

Electric Co. Mark Century director, are given in Appendix E.

The IBM-1620 program and operating instructions for ploaingu the GI

Mark Century tape on a California Computer Products Co. plotter is

giveil iii Appendix F.

5.0.0 11-14
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EltCO CTION

During computer operation, errors may appear which were caused by incorrect

part programing. In miany instances these errors can be corrected without

repeating previously-perforned operations. Appendix C shows several methods

for correcting such errors at the various phases of computer operation.

Through short-cut methods of correcting errors, significant savings in

programing time can result.
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Appendix A

MAUAL PARTS ?U M

When a part consists mainly of circular arcs and straight lines which

are parallel to the axis systems, it may be more economical to prepare

the control tape without the aid of a computer.

SAMPLE PROGIA

In programing the part shown in Fig. A-i, the first step was to make

the calculations shown on Page A-3 to locate points la and 2a on the

centerline path of the torch. After these points were located, the

part was programed (Fig. A-2). The time required for a proficient

(programer in this operation is about the same as for a computer pro-

graming.

The information was then punched into tape using a tape-punching type-

writer which also reproduced the programmed information onto the

program sheet under the handwritten entries. This function provides a

way to check the accuracy of the tape-punching process.

The cost of preparing this tape was:

Calculation 1/4 hr. @ $4.00 = $1.00
Programing 1/2 hr. @ 4.00 = 2.00
Tape punching 1/4 hr. @ 2.40 = .60

Total $3.60

This a-unt is roughly half of what thp eost would be to prepare this

tape by computer. As the parts increase in complexity, however, this

ratio is quickly reversed.
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MANUAL CALCUIATIONS Time: 15 minutes

/ _~

I

Point 2a

2

Center of Cutter
Parallel to Line 2 \R

Point I

LIU 2 (1.75 8.00 , 5.445 , 2.50)

Iquation - Line 2
3. 69i

Slope - A.... - -. 671825.50

X - 0.67182 Y + 7.12455

Equation - Circle C11

52 , (Z-6.75)2 + (Y-8.00)2

Equation of Center of Cutter Parallel to Line 2

Tool Radius - 1.0

X - -. 67182 Y + 5.9198
Point la

Y - 1.50
X - 4.9121

Equation of Centerline of Cutter Around Arc CRI

62 - (X-6.75)2 + (Y-8.00)
2

in~ersection

36 - Y' + 16.0 Y - 64.00 - (-.67182 Y + 5.9198 - 6.75)2

- Y + 16.0 Y - 28.00 - .45134 Y2 1.1155 Y + .68923

1.45134Y2 - 14.8845Y + 28.68923 - 0
Y2 - 10.25570Y +19.7674 0

5.1098

Y . -b + V'b2 541a9Y--b+4¥2 Va-•26.1098
2

Point 2a

Y - 7.6828
X - 0.7583
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p(WýAltc O4V PAGE OF__
PART NAME VAIC-)

MAIRAL P-4**HJDAl 3 J.A' v

Gla Y r 0 JI EnS4 T -

Glx-ohi~om62oo
5-- .i I WII O 400 1 1 El I dvw-a 1 r

G1XY003500F500oo

7-84 ggý I I MI1 a 0.0W.

0-7 Ibz I&v1r=4XmM? I UIM36oW12A

GI-aioo600ro0 6

G2-03OY 0?9716"iOOF1 67

.3-050Y-o2500JKO250F2000

01 XY-050jý0F0 
I

G4XY0
Gl-M

1
X1YP4- _-

Fig. A-2 Marnuel progresini.g of sample ?art Showin~g (1) Harndwr~tten Iintries and (2) Frogramad

Informaionat Typed Tbareou Using a Tapa-limdilx4 Typawriter
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Appendix B

SAMNPI COFPUEU PARTS ROGROAS AM) •ACLO INSTRUCTIONS

Part 1 of this Appendix is a computer parts program written for

numerically controlled flame cutting of a floor at Frame 52 of the

DG-33. A sketch of this part is shown in Fig. 3-1. The program

employs only those basic capabilities which were written into AUTmP

(or AMTUMP 1). This part required 148 instructions to program, 96

of which were needed to define the periphery, and 52 to define the

cutouts. In addition, it was necessary to manually segment the curves

to obtain the data for the parts program.

Part 2 gives a parts program for the same DIG-33 floor, as described

in Part 1, employing macro capability. Only 48 programming instructions

were required to described the part, 42 of which defined the periphery,

and 5 the cutouts. The program still required the manual segmentation

of the curves.

Part 3 of this Appendix givesl0 macros, written to employ the Macro

capability of AUTONAP II. These macros are pre-punched into cards and

filed for use as required. They need never be reprogrammed and can be

called into a parts program by a single statement starting with "Domac."

As a programmer gains experience, he can prepare other macro instructions

to reduce programming time.

Part 4 is another parts program for DLG floor Frame 52, but in this pro-

gram the TABCYL and general cubic capabilities of AUTOVAP are employed

to define the curves. The hull contours have been previously described

by cubic equations so that the coefficients of those equations can be

S.0.0 f-1



used in the program. The inner hull contour in defined by a tab cylinder

tbhrough thi ko,-.o stringer intersections. In thir progia-f, only 25

instructions were required to define the part.

In Part 5, a YANO instruction for a full floor is used to define floor

frames 46 through 52. The parts programs for each floor now requires

only one instruction and the necessary data points and equations to

define it. At this time, ATULV does not have the capability to

accept RAM's this large. Uovever, the potential economies to be

derived from such capability is apparent in these programs.

(
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I•-GIIFLAT (Y. ISoo) to

INNER BOTTOMFRATI

L6~b If

"T2 MAY R0F

Fig. 3-1 Sketch of Floor Frame 52, DLG.-33
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PARTS PIDGUAN ZMAIYING ONLY BASIC NUTfA CABAILITIES

REMARK HULL CONTOUR (i.e., No Nacros or Tab~yl)

FROW 128 'O,53 O0 0O
TLRAD/00056
TOLER/O.030
FEDRAT/20,0

HULL5 mLINE/127'71i,53.59132.39o57*87
G4XYM2M3M-4
GliX25YHI*I-2
G4iXYM5N6M-4
IND IRYECTOR/-1 .0,1.0,0.0
GOTO/HULL5
GORGT/ HULLS
GOLFT9L INE/132.'39,57o87,137.*37 62.86
GOLFT,L INE/137.,37,62.86,1'il.07,67j'0

STR6 -POINT/146,50 73,0,0.0
GOLFT,L INE/1'42.O7,67-.90,STR6

CL6 mullNE/STR6,ATANGLp-li0O0
TAN6 -LI NE/STR6,PERPTO,CL6
LWR6 -GOLFT,L INE/PARLEL,CL6,YSMALL,2 -5
I NBD6 -LI NE/PARLEL TA!46,XSHALLs,12.0
UPR6 -LI NE/PARLELCL6,YLARGE,2*.5

GOFWD CIRCLE/LWR6,YLARGE, INBD6,XLARGERADIUS0,05
GOFWDI NBD6
GOFWD,CIRCLE/UPR6,YSNALL, INBD6,XLARGE,RADIUS,0.5
GOFWD,UPR6
GOLFT LI NE/STR6i150,72,78..23

LWRC -POIN7153.12 81'50 0--0
GOIFT LIKE/15.72 3.3LR
FAR GSLFT CIRCLEI&N~hR LWRCRADIUSo1.5
GOLPTOLINE"/LWRC.1514.71 " 6.55
GOLFT LiNE/15L1..71 ,83;055,158.5I ,89.0i

STR7 -POINT7161.I22~95,50 0-.0
GOIFT LINE/SE8.5C1,fi9-,01,STR7

CL7 -L INE/9TR7,ATANGL,-32. 1
TAN7 -LI NE/STR7,PERPTO,CL7
LWR7 -GOLFT,LINEIPARLEL,CL7,YSMALL,2.5
INBD7 -LINE/PARLEL,TAN7,XSMALL,12.0
UPR7 -LINE/PARLELCL7,YLARGE 245

GOFWD CIRCLE/LWR7,YLARAE, INBD7,XLARGE,RADIUS,0.5
GOFWD7 INBD7
GOFWD CIRCLE/UPR7,YSMALL, INBD7,XLARGE,RADIUS,O.5
GOFWD/UPR7
GOLFT,LINE/162,.13,94.616561100,.5
GOLFT,L INEII65S.61, 1OOý51 , 1 61197 106-6
~ULFi ,ULNkii68.9Y7.106.66,172.27,-i3.u,9

STRO mPOINT/l75.0,119,0,0.0-
GOLFT,L INE/172.027,1 13,'19,STR8

CLw* F-i I kSRTNPG,2f,
TANS :LI NE/STR8,PERPTO,CL8
LWRS -GOLFT,LlINF/PARLEL,CL8,YSMALL,2 -5
INBDS -LINE/PARLEL "TAN80XSMALL,12* .0
UPR8 -LI NE/PARLEL "CL89YLARGE,2.*5

GOFWD-,CIRCILE/LWR8,YLARGE, INBD8,XLARGE,RADIUS,0.5
GOFWD/INBO8
GOFWD CIRCLE/UPR8,YSMALL, INBD8,XLARGERADIUS,0.5
GOFWDVUPR8 -

GOLFT L INE/1 75.56,1 20.26 178-*959128-,15
6OLFTL SNE/1 78.95,128;1,i 182-,72,137.57
GOLFT,LINEI181a72, 137-571187.40:15u.0'0
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REMARK INNERBOTTOM CONTOUR

GORGT,LINE/I51t`61 ,10,49,Oog.1360
GORGT LINE/149'009 136.09146,23 132.0o
FAR G6LFT CIRCLE/li6*23 132.O 5 -
GOU~T LING1'.6.23 132.O,11u2.559 25.,O

PERUII -LINE/1i2-.50,125.'OATANGL ,-29 Ii
TAOS -LINE/142.50 1250 OPERTRI
I NBW -LINE/PARLELTAfA *XLARiiE, 00
UPSS mGOLFT,L INE/PARLELIPERS~sLAR6E,2.5

GOFWD CIRCLE/UP8S.YSMALL, INSSS,XSKALLRADIUS,O.50
G0FWD) INBSS

LWS8 -LINE/PARLEL PER8SYSMALL,2.5S
GOFWD CIRCLi/LWSSYLARGE, INDSS,XSMALL.RADIUS,O.50!S
GOFWD)LW8S
GOLFT,LINE/142-.5 125.'0,139.'58 120'0
GORGT.LINE/139-.5i1 20s,120.1. 135;.1, 114%o
GORGT,LINE/135.682,114.O 134I.25 111.62

PER77 -LI NE/13'v,25 .11 1.62,ATANL,-33.'I
TA77 --LINE/134 -25,1 11 .62,PERPTODpPER77
INB77 mLINE/PARLEL TA77 XLARGE,8.O
UJP77 --GOLFT,LINE/PARLEt PER77 YLARGE 2*5

GOFWD CIRCLE/UP77:YSMALL. INB77,XSMALL,RADIUS,O.50
GOFWD)INB77'

LW77 =LINE/PARLEL,PER77,YSMAL,2,5
GOFWD CIRCLE/LW77,YLARGE, 1NB77,XSMALL,RADIUS,0O.50
GOFWD7LW77
G0LFT-,LtNE/134.,25,111-ý62,131.7a7 108.0

( ~GORGT,LINE/131l.77,108-.O, 27-tu'ifO2.O
GORGT,LINE/l27-.44,102.-O 122 00 96.'0
GORGT,LINE/.122.080,%ý6'O,1 7,16i ,ý,O
GORGTLINE/1.17-.86,90.O',112-.59, 3'.O
GORGT,LINE/1.12-.59,84.O,109 12 80-2Z5
GOLFT LINE/109.12,8D.25,125*.SI53.50
GOPASf/HULL5- .
G4XYM-6M-5t4-3
GO TO /128.0,53.;0,0.0
END

REMARK LIGHTENING HOLES-KFROM/128.O,52 *O,0.0
TLRAD/O 6050
TOLER/ .0 10
FEDRAT/100.*0

~GOTO/134O,065.'.6,0*0
REMARK LUWut .i L; ikGLAR i;UTu I

G4XYM2M3I4-4
G4X25YM4t4-2

CIRCI -CL.RCLE/334.0,65.48 2.0
HORIZI -LIt4E/134,0 65 48,i~G*.

INDIR VECTOR/O.O,1.O,O.0
GOPASf/HORIZI
GOLFT/HOR I Zi.

( GOTO/CIRCI
FAR GORGT/,C IRC1
GOPAST/HORIZ1
G4XYM-5 M-6M-3
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REMARK CENTER LIGHTENING HOLE
FEDRAT/100O 0
GOTOI1 35,0,92;.5,0.0

CLLWR2 ..LINE/141;.0,92;,5,ATANGL,-36.O
PRP2 -LINE/lkl .0,92*5,PERPTO,CLLWR2
LCTR2 .L I NEIPARLEL,PftP2,XSfMALL. 145
RCTR2 =LINE/PARL.EL PRP2 XLARGE,1.5
LJPPT2 -POINT/I NTOFICLLWR2,LCTR2
LWPT2 :POINT/INTOF/CLLWR2,RCTR2
CI RIP2 -C IRCLE/CENTERIJPPT2,RAD IUS, 705

G4XYM2M3M-4
G4X25YML#M-2
GI.XYM5N6M-4
FEDRAT/20.O
I ND IR VECTOR/-l .0,0.090.0
GOTO/CIRIP2
GORGT/C IRUJP2
GOFWD ,Ll NE/PARLEL, CLLWR2*YLARGE 7.5
GOFWD ,CI RCLE/CENTER, L1PT20RAD I ,7.5
GOFWD L INE/PARLEL,CLLWR2,YSMALL*705
GOFWD;CIRUP2
GOPAST,LINE/0O.O,91 .75,ATANGL,O.0O
G4XYM-5M-6M-3

REMARK UPPER LIGHTENING HOLE
R30 = -I RCLE/154-.0, 11 1.0,7-o5
F(31 mCIRCLE/157.O) 111.097'.5
HORIZ3 -LINE/154-.O:Id1.0,ATANGL.O.'O
VERT3 ~LINE/155.*0,111-.O.PERPTO,HORIZ3
UPR3 :LINE/155-.5,118ý.5,ATANGL,0Oz'
LWR3 -LINE/155.5a,103.5,ATANGLsO0O

FEBRAT/16600.
GOTOI15'4.5 106'0,0.0
G4XYM2M3M-4
G4X25YHI.M-2
G14XYM5M6M-4-
FEORAT/ 20.0
INDIR VECTOR/O.O,-1 .0,0.0
PGOTOIWR3
GORSTILWR3
G(DFV[/R30
GOFWD/UPR3

WqFflO/LWR3 ,PAST,VERT3
G4,XYM-5M-6M-3
FEDRAT/100.0
GOTO/1 28.0,52.0,0.0
FINI

This program, employing only basic WNWIM capabilities, required
148 instructior 96 to define the periphery, 52 to define cutouts
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PARTS PRO=UM XMIiYIUQ AIMTCK& mjzoS

REMARK HULL CONTOUR

START -DOMAC/128.0,53.O,0.0,0.050-0.010,20-.0
HULL5 .LINE/127.74,53.5,132.39, 57.87

IND IR, VECTOR/-i .0,1.0,0.0
GOTO/HIJLL5
GORGTIHULI -

GOIFTIL INE/132-.39,57.87,137.37,62.86
GQLFT,L INE/137.37,6286, 142.07,67.90
GODLFT LINE/142.07,67.90,116.50,73.O

LFTCT2 uDOCMAC7II6.5.7300O,-L0-.0,12.O,2.5 0.5
GOLFT LINE/146-.50.73-.O, 150.7297.23
GOLFTLINE/150.72,78.23,153.12 81.50
FAR,GOLFT,CIRCLE/153-.12.81.5 *1
GOLFT,LINE/154.71 83-55,158.51,09.0
GOLFT LINE/158,51,89.01,161.'.2,93.50

LFTCT2 -DOMAC0l61o42 935,5-32.1,12.0 2 50 0 50
GOLFT,LINE/192.13,91I.65, 6iL 9100.1;M
GOLFT,LINE/165.61 .100-51:168.-97,106.66
GOLFT,LINE/168;.97,106*.66, 72-27 113*.19
GOIFT LINE/172*27,113,*199 75:0#119.0

LFTCT2 -0OMAC7175.O,1 19 0 -24-4 12.0-,2.5,0.50
GOLFT LINE/1 75.56. 120.2L,1 78,95,128-.15
GOLFTLINE/1]78.95,128-.15,182.o72,137.57
GOLFT L INE/182.72,137.57, 187.4.0, 150.00
GOLFTLINE/0.O, 150.0,ATANGL,0.0

REMARK INNERBOTTOM CONTOUR--

G-,3LFT,LINE/15-3-75,150.O,151.,61 ,144.60
GORPGT,LINE/151t.61 ,14460,149.09,138-.0
GORGT,LINE/149 09,138.0, 146-023,132.0
FAR,GOLFT,CIRCLE/146.623 132..0,1.5
GOLFT LINE/11.6,23,132,09142.50,125.0

LFTCT4 -B~OMAC71k2.50 125 00&-30:0,8.00,2.50,0.50
GOLFT, I. INE/1.2.501 25. 0,139.58,120.0
u0RCT,LINE/139.5 5 ,120-.0,135-.82,114T,0
G-5RGT,LINE/135 82 114 0-134-,25,111.62

LFTCT4 -BOM4AC/134.25,lil.L2,-i338,8.00,2.50-,050
GOLFT LINE/134 25,1 11.62,131.77,108.0
.2CRtTLINE/131:77, 108-.0, 127-.4I, 102.0
GORýZT,LINE/127;.44,1O02.0 122 80 96.0

(ýýR.-TLIt4E/1 17;.86,90T.O,1127.59 84 0
G6RGT,L1NE/112-.59 84-.0,109.12 80:25
GIT;LFT ,L INE/109.,12,80.25,127.8;,53.50

ENi) ObMAG/i26.,U,3.O,U.ij,HULL5

REMARK LIGHTENING HOLES
START -DOMAC/128.,v53-0 00,0.050,0.010,20.0
CTCIRI -DOMAC/134.0,65;.40,. 0,2 .0O

LTHOL3 -'DOMAC"/153.0,111,0,-3.O,7,5,1.5,1.O

IF 16,4I
This program, employing six N&CROS, required only 48 pro-
graming instructions: 42 which defined the periphery,and
5 the cutouts.



INSTJION FOIL USE

1. NAM instructions must be loaded in card reader before

parts program deck

Crwr = DMCI-UCO/•oRD , -YMCOGED , "IrOMION AIGMi ,

(This to be followed by the variables A, B, C, D )

All U•AMS must be given location and rotation angle.

Rotation angle may not exceed + 89.50
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N&MO F START

START :MACRO/ABC
SETPT -POINT/0.Oo0.0,O.O

FROM/SETPT
TLRAD/A
TOLER/B
FEDRAT/C
G4XYM2K3M-4 s
GJiX25YM4#+-2 S
G4XYMSM6M-4 S
TERMAC

Note: This NM&O is a substitute for seven normal
instructions which are used to describe the start-
ing point, tool radius, tolerance, feedrate, and
the auxiliary functions required for torch opera-
tion.

Example

START - DOVAC/128.0,53.0,0,O,.040.030,20.0

mxplanation

From a point located at Buttock Line 128 and
Waterline 53, no rotation is involved. The
Radius of the torch is .040, the tolerance
required is .030, and the feedrate is to be
20 inches per minute.

HAMO FOR END

END -MACRO/A
P1 -POINT/0.0,O.0,O.0

GOPAST/A
G4XYM-31-5M-6 s
GOTO/PI
END
TERMAC

Note: This MACRO is a substitute for four normal
instructions which are used to describe the
closing cut, the torch off operation, and the
point to which the torch must return to end the
sequence.

Example:

END = DOMAC/128.0,53.0,0.0,HULL5

Explanation
Torch should return to a point located at buttock
line 128 and Waterline 53. The flame will go out
after torch passes the contour defined as Hull, 5.
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CTCIRl

Fig. B-2 )WRO wet CIRCUMA CUTOUTtS

PT¶

IL k - MOMIS OF CIIRCIZ

CTCIRI -t4ACRO/A,B
PTIO -POINT/0.O,O.0,0.0
PT11 -POINT/1.0,0.O,0.0
CIRCI -CIRCLE/CENTER,PT1ORADIUS,A
HORIZI -LINE/PTIOPTII
VERTI -L.INE/PTIO,PERPTO,HORIZIi
PERP12 -LINE/PARLEL.VERT1 ,XSMALLA
PAR12 -LINE/PARLEL.HORIZIYLARGE,B
PERP13 -L.INE/PARLEL*PERP12,XLARGE,0.75

FEDRAT/100.0
DNTCUT
GOTO/PT1O
INDIR VECTOR/-1.O,0.0,O.0
GOTO/AERP1 3
GORGT/PERP1 3
CUT
GOPAST/PARi 2
FEDRAT/ 2000
G4XYM2M31+-1 S
G4X25YM4M-2 S
Gi4XYM5M6M-4 S
GOLFT/PARi 2
FAR " GORGT/C IRCI
GOPAST/HOR IZI
G4XYM-5M-6M-3 S
TERMAC

EXANMPLE OF USE

CTCIRl =DOM&C/134.0,65.48,0.0,2.0,o.O00l1

ZEULAN&TION
Cutout full circle whose center is at Btk. 134.0 and WL 65.48
140. rotation is involved, the radius of circle is 2.0011 and
nio bridge is required.
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LFTCT2

.3-3 14*40 PM S~TRI3R CIYE=St

mt.t

08

-x

C ~A LEIZWm

B - WIMT
2

C - CORM RADIUS

D - COMUTOR

LFTCT2 -MACRO/A,B.C,,D
P21 -POINT /0.0,0.0,0.0
P22 -POINT /1.0,0.0,0.0
CL2 -LINE/P21,P22
TAN2 -LINE/P21 ,PERPTO,CL2
LWR2 -LI NE/PARLEL,CL2,YSMALL,B
UPR2 -L INE/PARLELICL2,YLARGE .6
INBD2 -LINE/PARLEL,TAN2,XSI4ALL 'A
ARC21 'C IRCLE/LWR2,YLARGE, INBD2,XLARGE11RADIUS,C
ARC22 -CIRCLE/UPR2,YSMALL, INBD2,XLARGE,RADIUS,C

GOLFT/LWR2
GOFWRD/ARC2 1
GOFWD/ INBD2
GOFWD/ARC22
GOFWD/UPR2
GOLFT/D
TERMAC

LIT=2 -DWA&C/140.0,362.54,-28.0,8.0,2.5,o.50

EiPL1&WATrOFl

Cut stringer cutout located at BL 140.0 and UL 362.54 at an angle
The slope of the cutout is -280 with an 8" length, and half width
of 2.5" , and corner radius of .50"
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1Wil. 3.4* NACZO weM iLICirNMi HDIES LTO,

A - ADIDUS
T 3 - RADIUS GWIU

C - Sam= WIWY

LTHOL3 -MACRO/A.B.C
PTA -F'OINTI-B,O.O,O.O
PTB -POINT/B,O.O,O.O
PTC -POINT/O.O,O.O,.O.
R30 -CIRCLE/CENTER,PTA*RAD IUSOA
R31 -CIRCLE/CENTER.PTh.RADIUS6A
IIORIZ3 -LINE/PTA,PTB
VERT3 -LI NE/PTC, PERPTO ,HOR IZ3
UPR3 -LI NE/PARLEL HORI Z3,YLARGE,A
LWR3 -LINE/PARLELHORIZ3,YSMALL,A
L31 -LI NE/PARLEL,LWR3,YLARGE,O.25
132 -LI NE/PARLEL,VERT3,XSM4ALL,C

DNTCUT
FEDRAT/100,0
GO TO/PTC
INDIR VECTOR/0.0,-1.O,O.O
GO T07L31
CUT
GO RGT/L31
FED RAT/20 .0
G4XYM2K3M-J.
G4iX25YKMiM-2
G4XYM5M6M-4
GO LFT/L32
GORPTILWIR3
G0FWD/R30
GOFWD/UPR3
(M)FWr/R31
GOFWD/LWR3 ,PASTI,VERT3
G4XYM-5M-6M-3 S
TERt4AC

1URNIE OF USE

LTHI,3 -DW"k/14l.0,925,-36.0,7.5,l.5,l1.0

Cutout lightening hole whose center is located at Stk. Line 141.0
and UL 92.5, rotated 36'0 clockwise, with 7.5" radius offset 1.5"
and with a 1.0" bridge.
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Fig. - -5 iaW Me "MIwu CUrwrS

V

P T -PIT 000.,.

P41 -POINT /10.00.0,0.0

CL4 -LINElP41,Pi2*
TAN4 -LINE/P4i PERPTO,CL4
UPRE. -LINE/PARLEL.vL4,YLARGE,B
LWR4 -LINE/PARLEL CL4 YSMALL,B
INBD4 .-LINE/PARLELTANI XLARGE A
ARC41 -C IRCLE/UPR4,YSMALL INBDI#,XSI4ALL,RW IUS*C
ARC4.2 -CIRCLE/LWR4,YLARE, INBD4,XSMALL,RADIUS,C

GOLFT/UPR4i
GOFWD/ARC41
GOFWDI INBD4
GOFWD/ARC4i2
GOFWD/LWR4
GOLFT/D
TERi4AC

mmAiIZ OF USK

IXIANATMIOW

Cut stringer cutout located at 31, 140.0 and WL 362.54 at an angle.
The slope of the cutout is -280 with an 8" length and half width
of 2.5" and a corner -radius of .50"
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L=TCT 5

Fig. 3-6 i. Fai nSUV CUTOroS

TP 5 0 32

ILI

WPTI PTmSo T#4&5
I

TM 5 must be a vertical reference A = Heiht of Cutout
line previously described - 1/2 Width of Cutout

LFTCT5 :MACRO/AB
PT50 mPOINT/O.O,O.O 0 0
PT51 -POINT/-$ 0 0. .O
TAN5 -LINE/PT56PT51
PERP5 -LINE/PT5OPERPTOTM5
TOP5 -LINE/PARLELTAN5,YLARGE,A
LFTEDG -LINE/PARLEL.PERP5sXSMALL.B
PT52 -POINT/B,A,O.O
RGTEDG -LINE/PT52 PARLEL VERT5

GOLFT/LFT6DG
GOFWD CIRCLE/LFTEDGXLAFGETOP5,YSMALL,RADIUS*O.20
GOFWD)TOP5
GOFWD CIRCLE/TOP5,YSMALLRGTEDG,XSMALL*RADIUSO.20
GOFWD)RGTEDG
TERMAC

IXTCT5 = D.-AC/12.0,70.0,60.0,8.0,3.0

MIANTION

Locate a cutout centered about BL 120 and WL 70 at an angle of 600.
The cutout to be 8" deep and 3.0Y each side of the center, with
right edge parallel to a vertical reference line.
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IF=C 6

Fig. 3-7 NMACE FOR SThINEI CUTOUT!S

/T P62 T0P6

Lu

'TAN 6 4 W.T6 V'r6t

Vert 6 must be a vertical reference A - fleight of Cutout
line previously described. 2 1/2 Width of Cutout

LFTCT6 --HACRO/A,B
PT6O -Poil4T/o.o,o.o*0.0
PT61 :POINT/-B 0.0 0.0
TAN6 -LINE/PT6OPT91
PERP6 -L INE/PT60,PERPTOTAN6
TOP6 =LINEIPARLEL,TAN6,YLARGE.A
PT62 -POINT/-B,A 0.0
LFTEDG -LINE/PT62, ARLEL VERT6
RGTEDG -LI NE/PARLEL,PERPL.XLARGE.B

GOLFT/LFTEDG
GOFWD CIRCLE/LFTEDG,XLARGETOP6,YSMALL,RAD IUSO,50
GOFWD)TOP6
GOFWD CIRCLE/TOP6,YSI4ALL,RGTEDG.XSNALLRAD IUS,0.5O
GOFWD)RGTEDG
TERMAC

IZMIRZ

Lr=C6 - DWI&C/120.O.70.0.60.0.8.0.3.O

XVIAYATION

locate a cutout centered about EL 120 and WL 70 at an angle of 600.
Mhe cutout to be 8" deep and 3.0P' each side of the center, with
left edge parallel to a vertical reference line.
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I"

LTOL TMAR:/ , V

Filrlg B--8 JMMMO FOR LIGHTENING ROLE

PTAOL -PMACRO/ 0., B, 0.
PTB TPOINT/ 0.0, -B, 0 0°

PTC •,P0INT/ 0.0, 0.0, 0.0
R30 ACIRCLE/ CENTER, PTA, RADIUS, A
R31 =CIRCLE/ CENTER, PTB, RADIUSA

VERT3 -L!NE/ PTA, PTBHORIZ3 -ALIE/ PAC, PERPTO, VERTC
RGT3 -PLINE/ P0.LEL, 8ERT3, XLARGE, A
LFT3 -LINE/ PARLEL, VERT3, XSMALL, A
L31 -PLINE/ PA.RLEL, LFT3, XLARGE, 0.5
132 -LINE/ PARLEL, HORIZ3, YLARGE, C

BNTCUT
FEDRAT/ 100.0
%-OTO/ PTC
I•DIR,VECTOR/ -1.0, 0.0, 0.0
GOT0-/ L31
CUT
GORGT/ L31
FEDRAT/ 20.0
G4XYM2M3M-4 S
G.X25YM4M-2 S
G4XYMHM6M-.4 S
GOLFT/ L32
GORGT/ LFT3
GUFVIO/ R30
GOFWD/ RGT3
GOFWD/ R31
GCPfD/ LFT3, PAST, -ORIZ3
GkXY-5Mf-6M--3
TERMAC

LTHOLV = DOMkC/ l00.G,50.0,0.0, 7.5,1.5,i.0

EIPANATION
Cutout lightening hole Wnle center is located at BL 100, WL 50 and
has a vertical axis. The cutout has two arcs of 7.5" radius located
1.5" above and below the horizontal reference and has a 1" bridge.
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BRIDGE

Fig. B-9 mmO FUR B-lm

BRIDGE -MPACRO/A, B
PTC .•PO INT/O. 0O°O Oo

GORGT/C !RCILE•0CENTER, PTCRAD IUStA
G4,XYP-5

L2B -L INE/PTC.PERPTOBB
GOPAST/L2B
G4X25YM4 s
GAXYMH-4M516 s
GOLFT/1-2B

TERMAC

IQ~dI

BRIDGE BDAC/106.C,42.0,0.0,1.0,HULL

Locate a tie (called a bridge) centered at BL 106 and WL 42, rotation
not involved. The torch to go out 1" before reaching the point and
then igniting outside of part. Return to bu.ll. and continue cut.

5.0.0 B-17



PARTS MOG3AN KMWIYUK TABCYL AMD CUBIC CVSFICIEWS

REMARK HULL CONTOUR
HULL5 -nCUB/ 4,668034712-49222144,07 5129493563 5017251054, 48.0, 9C.O.

4593381301-4.853097921 5113265133 5053314230, 96;.0, 144-.0,
4581616139-48WIS1372 511253324.6 5055753853, 144.'0, 192.0,

START -DOMACI128,0,53.0,060,0.O50,0,010,20.O
INDIR,VECTOR/-10.0,1.00,0.O
GOTO/HULLS
GORGTIHULL5

LFTCT2 -DOMACI1I6,5 73.0 -1.0-0 12 0 2 5-0 5,HULLS
FARGOLFT,CTRCLEE153:12,81.50,1 .5*
GOIFT/HULL5

LFTCT2 -DOMACI161 .42 93-5,-32.1 ,12.0,2-.5,0.5,HULL5
LFTCT2 -DOMACI175.0,119.0,r-24.4,12.02,25,0.5,HULL5

GOLFT,L INFIO.0,150.0,,ATANGL,0.0

REMARK INNERBOTTOM CONTOUR

( INBOT -TABCYLIIS6.,67,162.0,155.'.6,156.0,153.,75,150.0 149 09 138 0
143.06,126.0,135.'82,114.0,127.43,102.0,117.86,90. , 112.5;.84.0
106:96,78,0,100093,72.0
GOLFTIINBOT
FAR,GOLFT,CIRCLEI143,06,126.0,0.O.
GOIFTIINBOT-

LFTCT4 -DOMAC/142.5 125.0 -29.4,8.0-,2.5,0.5-,INBOT
LFTCT4 -.DOMACI134.25,111.?i2,-i33.8,8.0 2.5,0.5,INBOT

GOLFT,LINEIIO9.12,80.25, 147.5,53050
GOPAST/HULL5

REMARK LIýGHTENING HOLES

CTCIR1 --DOMACII34-,0,65;*48,O.0,2.0,0.O
LTHOL3 inDOMACI133-.0 92.5ý,-36.O,7.5vl1.5 1.0
LTHOL3 -DOMAC/154.0,111.O,0.0,7.5,1.5,00

FIN[

Using 6 X&CROs and mathematically defined curves, the original program
w"'Eich took 148 instructions tan now be pregramed with only 25 instructions
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SSTAIIDARD PROGRAM FOR FLOOR FRAMES 46-52 (Fig. B-10)

FlIRR = YACRO/A

REMARK HULL CONTOUR -

HULL = DONAC/CUBIC

START - D(Da/sITpr

INDIR VECTOR/ -1.0,1. 0,0. 0

GOTO/HUuS5

GORGT/HULL5

IITCT2 - DOPAC/STIG 6

SITEDG - DUMAC/SITIDG, 3H

LFTCT2 -DUEC/STRG 7

LJTCT2 - DOACI~STIG 8

GOLF,:/PIAT 12

RENARK HULL CONTOUR

INBOT - DOKAC/TABCYL, LIO,L9,I8,L7,L6,L5

SITEDG = DOK&C/SITEDG, 41

LITCT4 - DE3AAC/L8

LFrCT4 -DUEAC/L7

GOLFT'L0G1E55

END -DONAC/HULL

RINARK LIGHTENING HOIES

CTCIR1 - rJOMACICi

LTHOL3 - DOM&C/IXI1

LTH0L3 - DOAAC/1A2

TEIMAC
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kIT1

Fig. B~-10 Floor Frames 46-52
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TYPICAL PARTS PIDGRDA FM FLOO FMAWS46-52

U515N FULL MA MWWoS

F718t FlAI 46

The complete parts program would consist of only one instruction:

FiR l= UUAC/46
This would require that a lead deck of cardz locating the structural

points and defining the contours which describe Frame 46 be inserted

into the computer just preceeding the part program card.

The following information would be required:

1. Cubic equations, hull

2. location Str 6

3. Location Sighc Edge #3 Hull Plate

4. Location Strg. 7

5. location Strg. 8

6. Description of Plate 12

7. Location Loditudinals 10,9,8,7,6,5

8. Location Sight Edge #4, inner-bottom plate

9. Description of Longitudinal 55

10. Locations of lightening hole cutouts.

The above should be readily available on pre-punched cards as output

data from the mathematical loft.

FlM !3MS 47-52

The above process would be repeated with the corresponding data

to produce tapes for floor frames 47 through 52.
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Appendix C

METHOD FOR CORRCTI IEOcRS IN PGIIING

Page

PHASE I I NPUT ................... C-1

PHASE II OUTPUT .................. C-1

1. Correcting Phase I Output .... .......... ... C-2

2. Correcting Phase II Output ..... ......... C-3

POST PIOCESSOR OUTPUT ...... ............... ... C-4
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Appendix C

METHOD FOR CORURCTIR ERRORS IN PROGRANIGIG

PWASK I INPUT

When operating Phase I of AUITOAP with Program Switch 2 on, some errors

made in programing will cause the computer to type an error message

symbol, the erroneous instruction statement, and then stop. This pro-

cedure is given in detail in the AUTaIP Manual (Ref. 3). These errors

are either from imposing an impossible requirement on the program or are

from instances where insufficient or inaccurate data have been given the

program, or a card has been key-punched improperly.

Most of these errors can be corrected by simply typing the correct

instruction and entering it into the computer. The compiling can then

be continued. However, the errors in some of these instructions are

not readily discernable or cannot easily be changed by typewritten

correction. In such cases, it will be necessary to revise the input

cards in order to correct the error.

PHASE II OUTPUT

On occasion, an erroneous instruction will be accepted by Phase I. In

such instances, the program logic was acceptable to the computer program,

but the part was not properly defined. An example would be where a

corepr snipe instruction had been omitted so that the computer produced

a 900 corner. Another example would be where the machine was instructed

to turn in the wrong direction, but in so doing, was still able to find

a logical path.

Phase II, if operated with Switch 1 in the ON position, will type out
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coordinates which define the cutting path. This is a time-consuming

process, but an experienced programmer can visually inspect this data

and spot such errors.

A faster and more foolproof method of locating such errors is to plot

the data produced by Phase II on an automatic X-Y plotter. (Appendix D).

The selection of the method for correcting such errors will be dependent

upon the type and complexity of the error. In the extreme, it may be

necessary to go back to the original program, correct the data, and

re-run both Phase I and I1. However, the errors are not usually of this

magnitude, and therefore some shortcut procedures can save computer time.

It is possible to make corrections in either the output card deck of

Phase I, which requires re-running at least a portion of Phase I1, or to

correct the cards in the output of Phase II. Again, the selection will

depend upon the type and complexity of the error.

1. CorrectLn& Phase I Output

If the error is fairly complex but generally confined to only one

section of the part, it is possible to correct only that part of

the original program and re-run it through Phase I. The resulting

new cards can be substituted in the original Phase I output and

the entire program re-run through Phase II.

If the error is relatively simple, requiring merely the insertion of

an omitted instruction or the correction of an erroneous instruction,

a new card may be keypunched in the format of the Phase I output and

and substituted in the Phase I output deck. This deck can then be

re-run through Phase II.

If the correction made in this manner is merely a replacement of a

5.0.0 C-2



bad card a simple substitution -is all that is required. However, if

the correction is made by the addition of a new card, the sequence

mowbUro In Coltma 77 throWgh 80 must be -mitteed to perolt the cord

to bypass the Phase I1 sequence check.

A whole series of instructions can be inserted in this manr, but

the relative complexity of these instructions will determine whether

it is more efficient to do so or to go back and change the original

program card.

2. Correcting Phase II Output

A considerable savings can be made if the programmr can correct the

Phase II output cards, rather than correct Phase I and re-runm it again.

Here again, the complexity of the correction will determine the method

to be used.

If simple changes are desired which do not require mathematical calcu-

lations, such as changes of feedrate, auxiliary instruction, or simple

point relocations, generally involving only one card, a new card can

be keypunched in the format of Phase II output and substituted directly.

The deck is thereby made ready for the post processing operation with

a minimum of effort.

It is possible to change a complete series of motions in this manner

and it might prove economical if the new coordinate data is readily

available. It must be kept in mind, however, that in Phase II output

the coordinates designate the path taken by the center of the torch,

not the edge of the part.
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POST jmsm WZFUT (Punched Tape)

The puehbed tape used to operate the fle cutting "achine contains

information for the motions required which is punched in incremental

dimensional form. This means that the extent of motion in both the

X axis and Y axis is given in individual dimensions on a motion block

in the tape. This does not in any way give information as to the loca-

tion of the torch, either before or after the motion, but tells how far

and in which direction the machine is to move.

If an error does occur in the data given on the tape (visible or lot of

full plate) or if changes are desired, it is nearly always necessary to

change two blocks of information to avoid unwanted motions in the rest

Pt. 2

Pt.Pt

t. 3 .', 3&

For example, assuming the path desired in the above sketch is through

Points 1, 2, 3, but through error the path obtained was Point 1, 2a, 3.

The data blocks as they appear and as they should be, are:

Line Incorrect Correct

1 - 2 X 19000 Y 0 X 30000 Y 0

2 - 3 X 11000 Y-08000 x 0 Y-08000

One can see that if only the first information block is corrected, the

result would be to have the torch end up at Point 3a, which only changes

the location of the error and introduces this error to all subsequent motions.

The Air Reduction Co., Tape-O-Graph, with GK Mark Century Director

Not true for all makes of directors.
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There are two basic ways to correct or change a tape, the use of which

depends on the extent of the change desired.

For major changes involving many blocks of data, or requiring substantial

calculation work, the best answer would be to modify the parts program

and run the whole job through the computer system again.

_f ithe change desired affects only a few blocks of data and/or requires

little calculation work, it would be cheaper to use a tape-punching

typewriter for the repair. By inserting the original tape into the

card reader, both a duplicate tape and a typeout of the statements can

be obtained simultaneously. When the reader reaches that part of the

tape where the correction is required, it can be shut off and the correct

data punched into the tape. After the now data is punched, the original

tape can be threaded through the reader to a point agreeing with the

corrected tape. The reader and punch may then be turned on and the

remainder of the new tape can be duplicated from the old.

As this latter operation can be easily handled by typist operating a flex-

o-writer, it can be readily seen that many changes could be most economically

handled in this manner with a minimum of instruction from the parts pro-

gramer.

In effect, this procedure uses manual programming to produce the new

section of the tape.

If, during the course of cutting an actual putL, an eew7 eaglaes a& iUe eeCt

machine function, an experienced operator can read the tape itself and locate

the error . This is4 one of the "adv-tags that pilni4,had rzre tarn han -P-r

magnetic tape. If the operator locates such an error, the tape can usually

be repaired in the above manner.
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Appendix D

AUTOKAP PHASK II PIOTTIE PROGRAM

COETENTS
Page

INTRODUCTION ................ D-1

UTHO ................... D-2

PROGRAM FUN CHAT - PHAS, II AUTmAP. . . . D-6

PROGRAM LISTING ............... D-16
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Appendix D

ADIMM PEUk 11 PL~UM=~ PU

This program plots the output of AUn II, ,hase II, using an Zli-lilo

computer equipped with a Cal-Comp plotter. It in used primarily for cmi(-

firming the accuracy of the data prior to aking the control tape.

Plotting speed is appreximately am inch per second. This Appendix

includes operating instructions, a short discussain of the theory involved,

a program flow chart, and a program listing.

1MA21 IMUcEMM

1. Place Phase II Plotting Program in Uoad lapper

2. Clear mmmory

Reset

Insert 26 00000 00009 R-3

After mory clear, push instant stop.

3. get Program Uwitches

OW 1 - On to scale, off to plot full-scale

1e 2, 3, 4 - not used

4. Push load button on 1622

Push reader start to read last two cards

3. 16"h --puter ztart. if Sw 1, res on, c•-at-tar will type& "nter scale."

The scaling factor is entered on the typewriter in the format .=00 and

is a multiplier. For example, to plot 1/10 scale, 0010 would be typed

followed by R-8 key. For 2 1 scale, 0200 would be typed.

___ D-1



6. Place output of Thise II into read hopper

leady the plotter

lush reader start on 1622

7. To plot Another part, repeat Step 5.

Irror massages:

71 - Given a cqordinate larger than 999.999.

Other mesa eW are self-explanatory

The plotter traces straight line increments along one of the eight

directions (four axes) shown in Fig. D-1. The increments are .01" in

the X and T directions, and .01414" for the inclined directions.

A punch tape instruction, 1, 2, 3, ... , 8, will move the plotter in one

of eight specific directions. Instruction 0 will raise the pen, and 9

will lewer the pen.
+Y

2

//\ \\
6

Fig. D-1 Direction of Movement of Plotter
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given a particular quadrant (Wig. -- 2), and a specific point, the line

connecting this point to the origin must fall in one of the five cases

listed balm:

Case l oint 7 : AT O0

Case 2 point q : &Z>&Y

Case 3 Point I'* AX Z AT

Case 4 Point S : AY > Ax

Case5 Point T : AXZ0

Case 5

Y
Case 4

/

TS Case 3

/I
/

/

/

0/oxCase 1

Fig. D-2

After .determining the case, the problem is reduced to positioning the

p 'oi - " t o -o e side of t-h bis-ector of t ,he •,,.,,,

For Point P having a null .or less than .005 increment in the Y direc-

tion, the procedure is as follows:

1. Round off the increment at the 1/100 position by adding or sub-
tracting .005 to its value if positive or negative respectively.

So . 5or o0 -A



2. Add this zounded 'value to the corresponding coordinate of Point 0
and store it as the origin to determine the increment for the next
point to be joined.

3. Chak for digit in the units position of the bahuelat velu, @f theo
increment for fast ome-in-ch waves.

.4. 9hack for digit-in the 1110 poaittio for fast 1/10th-lack mws.

5. last for digit In. the 1/100 pos ition -for single uwaes.

Up' subtracting one from the corresponding position after each snav, the

Increment wrill he zere -at the completion, of the total moe..

Nor Point I the procedure is the sam As mentioned above for Point P,

with. the difference that both increments X and T . (rig. ]p-2) will

he rounded of f and added to the coordinates of Point 0

the method- for plotting thoee Points 9 baving une"Ia increments In

X and, T is as fell*"a:

.1. Get the ratio of the smaller to the larger Increment in absolute
value.

2. Round of f the Increments X and T and add them to the coordi-
nates of the Point 0 to uae these new values as the origin to
calculate the increments for thp next point to he Joined.

3. Ap prozinsto the line ik.(Yig. W-3).with segments at iet.,
in the -following manner:

4. Set an IT counter e&"I to .005

5. Add W :(Ratio 1 .01") to the counter

6. 4ampere the counter with (s.01) (check for digit is the
1/100 position)

a. If the counter is greater, it mase that we are closer
to the actual line going through the diagonal rather
then the horizontal line

m+ . 005 -> A
- < .005

(Note* The 37 counter has to-b* reduced by W after the
dIAgomal mewe and the cycle goes back to Step 5.)
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b. If the counter is less than a the closeat path is the

herizsotal line

•.4 .oo5 <h
-. j- i >.005

(Note: The cycle woes back directly to Step 5 after the
hoeistal rew.)

A analysis of the moves from 0 to 3 of Fig. D-3 will help to

clarify the methed.

- 1. xz counter = - .005 >

2. Pove

3. Ir coaster - + .005 -

4. IT counter - + .005 - AN + W

-M + .005 -AN

5. IT coastar + ~ .005 - AM< RK

ii+ .005<2W
.005 < - IX

6. Move AN

A !-- L

Fig. D-3

In the case of a movement along a circular arc, the procedure is to seg-

ment the arc into 10 segments and treat these segments as straight lines.
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INTO OAr

START

VES is IT A NO
"S' CARD?

cowniff Xv To T

Flit Fol"T V40mmm IS irr Alk
'a' C.Avw 7? PUT P%14 UP

to"SOLIE Swt ON

No

CHECK

NEXT I i

Is IT A VMS CIRCLf.
W CARD

no

I! IT A
,4 1 '

5.0.0 D-7



ME IT I

+ AY AY + &Y
L L

X OUT' a KOUT=3 XOUT- 7 X OUT. I
OUT. S CLEAR v OUT. i VWY. IS

XY OLIT Y 40wiT =4 xy OUT- a 00-1z 6
L11

6040 GOGO 6060

Srr FILL AMUS ML ARE" SET FILL
POR FAST V0W FAST VOR FAWr

OW 3 MOVE. I "ME. 5
k

ROUND OPP VMHD OFF ROOND Off
AY AX

smoltz laxi STORE JAMI a-mits JAXI

L lk XLWrFk 
;w at Ci.TR

X0 . X0 +A% F Yo+Ay

PAST FAOjT PAS"r
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6060

+

iraL
VWTM MWID

IA"/A-ik -01 -01

RWHD OlFr

AX AN

-Ao+Al

so Z-11 + 604-11

0

XY GO
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SET Val- AfMF&

5.0.010.



"FAR

XCH" .1,&4 PULSE 5 + PC Pth-SK t

YES

r.", -C=

%D few. No PULSE I OUT XCHIM -0ý01

PULSE AV 04n, KYCN" -0-01 '1 CUTR-b-0-01
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W( ~ A

(US 3+ & US
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'CIRCLE)

xc .Yc , ADOS,
FLOAT -W Fin

&,C.RADIUS
MJLTIPL. y SCALE

IF C.S 1 0

TF
A+4, 14

TAULE

RD= RO
RRO= RRO

R~RO -RO x RAM-

1tO = R0 44
RRO=Rci +6
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RNCD A
IUST BE A S CARD

X2 .12
FLOAT TO FIX

Xz 2

"NULT.BY SCALE

W 1O-0-- -TLS.T TO SEE IF VERY CLOSE
TO (x~ )tf so * BRANCo TO

CCW ~~UT S- SCALE CC SCV

(- l O --4
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( END

SET CN TR
70 0

• l.. X5

5.0.0 U-14



( CLEAR

10 -xf

Y O ... XtI]

iCLEAR XY 0C"rRA

X CMa-rR, AN4D

Y BB
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Appendix I

- POST POCKSSO
FMR GE FAIM CGETURY DIECTIR

This program is the final step in the AULUMP system. it accepts as

input the output of Phase II AUMMAP, and prepares punched paper tape

for use with the General Electric Company's Mark Century director on

the Air Reduction Company's Tape-O-Graph flame cutting machine. This

Appendix includes operating instruction, discussion of the nesting

technique, instructions for preparing nesting header cards, some

special considerations, sample problem, flow chart, and program list-

ing.

I. MNTING INISUCTIONS

A. Clear memory

1. Reset - Insert

2. Type 26 00002 00003, R-S

3. After 5 seconds, push instant stop

B. Load Program

1. Push reset

2. Place post-processor program deck in Read Hopper

3. Push load key on reader

4. Push reader start to read last two cards

5. Parity SW and I/O SW to stop, o'flow to program

C. Operating Program

1. Ready paper tape punch

2. Program switch settings

SW-l On - output is printed on typewriter, Off - not printed

SW-2 On - output is punched on paper tape, Off - not punched

5.0.0 E-1



S3-3 On - Tape punch will prepare a 3" blank segment of

followed by record mark.

Example: Part 3052 Tape 1

Release - start

Tape punch wiil enter title in coded
format directly following the blank
area.

Run about two inches of tape to
separate title from machine tool
instructions

Sw-4 On - totals for length of path, cutting time and
sum of 6X, ZY notions are printed for each part and
for all parts (if last part has a "FINU" card),
Off - no totals

3. Load data deck (Phase 2 Output)

4. Press reader start and computer start

5. Error messages are self-explanatory, with the exception of
Err P1, which means that a number larger than 1000 was entered.

II. NESTING

A. When nesting, a special header card must be prepared for each

program to provide the post processing program with certain informa-

tion. (See Fig. E-1.) The information required tells the post-

processor how much a particular part is to be rotated and trans-

lated, and if reflection about a horizontal axis is desired. The

information is in the form of any two known points (X and Y coordi-

nates for each) on the original part, and three of the four

coordinates for the same two points on the transformed part). The

reason one of the transformed coordinates is omitted is that, in

giving the coordinates of two points on the original part, a

distance between them is implied and this distance must be carried

over to the points on the transformed part. This is accomplished by

letting the nesting routine calculate one of the coordinates on the

5.0.0 E-2
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_________ WPIn, if P roparamd with the

indicated relationship to the coordinate system,
Y

- I I -I

and it is desired that the part have the following relationship to

the coordinate system,

Y

YT

11
i I u--I

the values for P1 ,P2 1PT and one of the two coordinates for

P2 T (either X2 T or Y2 T) must be punched in the header card.

The format of this card is:

rc 1-2 1 a if rAfl.etion about horizontal axis is not required
1 8 if part is to be reflected

cc 5-10 SCALE FACTOR: This number is of the form MMO, and is
a multiplier. For example, 1/8 scale would be 000125.
If a full-scale part is desired, 001000 must be punched
in these card columns.

5.0.0 1-4



t!.-5 Ti _-nn~t-ni- nf fowr Tm Mo. A na*tive miber will have

a flag over the third decimal place.

cc 21-26 Y I

cc 29-34 1 2

cc 37-42 Y 2

cc 45-50 X 1 Translated

cc 53-58 Y 1 Translated

cc 61-66 X 2 Translated

cc 69-74 Y 2 Translated

cc 69 This cc is used to indicate whether X 2 or Y 2 is
omitted. A flag means that Y 2 T is omitted, while
the absence of a flag means that 1 2 T is omitted.

cc 75-80 Vay be used for identification

cc 67 There are two possible solutions for X 2 T (or Y 2 T).
A flag in cc 67 mans to accept the more negative
solution, and its absence indicates the more positive
solution. For example, using a line between the key
points to represent the transformed part:

There are two solutions
Y2T if Y2 T is omitted. A

(solution 1, flag in cc 67 would

T1 T Iselect the lower Y2 T

in this case.

Y2T

(Solution 2)

ZIT X2 T

5.0.0 1-5



I. Cards %ay bee in-serted into tha d;ta deck at any point, and a

sequence error message avoided by omitting the flog in cc 72.

2. If a card coded rapid (with an a In cc 73) is placed in the

parts program, the post processor will automatically assume

a feed rate of 100"/ain (rapid traverse) for the increment

between the two data cards on either side of the rapid card.

3. For nesting, 10W'Imin feedrates are automatically generated

for motion& between parts.

4. If a feedrate factor greater than 5000 is calculated, the

program automatically sets the feedrate factor to 5000.

5.0.0 1-6
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18360075511403529
12R5060'1123k80 4O00008O

535

5.000 11-" 10001

128000M
12 ----- l114341-56-11i 00 O

----- !0000031•17619"9 11082705•i270 NN0

r12566905 17 -----
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64XYM2M3M-4
"M42YNW.-2
G4XY35M6hM4
GIX 00433Y OOOOOFJ,61 4
63X O1S16Y-OiO99JOiSi6KO095SFO975
GIX 0so~i3i-OOF~S
GIX 0047LkY 00270JO000OK0051.9F3636
G2X 083MU 00ll9JOOI92KO022IFih4Ii
GIX 003"Y 0069OF290
61 X-04252Y 00000F0470
GiX OSOOGOY 003S'iFISS
GIX OIftiY 00272FO514i
SIX-02919Y 05377F0326
GIX-00962Y-OO962FI470
SIX MOODOY 00929F2152
GIX-0)0233Y 0000OF5000
61 X-O238IY-05615Fo327
G3X O1Ji6Y-OO235JO1316KO3565FO526
GIX 00950Y 00121 000K036UFO F05
GIX OOOOOY-00271 F5000
GIX-02516Y 00000F0794
GIX--00433Y OOOOOFI,614
GMXY-5M 4M-3MO
END
DELTA X SUM - 0000.000
DELTA Y SUM - 0000 000
LENGTH OF PATH - f237303306
CUTTING TIME - 001.86
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FLOWt CHART OF POST- PROCESSOR

(Mx CAM)

TmP" WMAbATOIUMN4LATM CU

iaToIs Is *0TATION4-IRWSAki)TmON -

*WVERtSIOM CARD

MD ~ ~ ~ C~ -TR LAS TY0 lbQ~t ft

vas. 1-9 -FW hmCvD T1a C0-



~ea.

NO

t 
7TOOL 

RDXbU6 

- DON'I 

I&EED

as YES LNE CARD

COD&
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61 CARD (PosTr-PROCESSING INFORMATION)

AUMEREC

REPWESENTP.TC

TVM~
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63 CARR__( END OF PART)_

TyrE

START 
END

no sw 4
ON

GET TOTALS rOlt
TME.LEPMTH OP
" OF&% AA.T-
"Ompas AND TypeST&W I -

WA5
is Am 64

CARD

+

GO TO TOTALS
TyM OUT

5.0.0 E-12



04 cARD (FIN I - END OF ALL PARTS)

NO TO3 TW,4

ON

TYPE OU)T

Foot LMSTrp

CGO TO F STJtT

5.0.0 E-13



05 LINE CARD

LINE
TLAO YES RMATE-TFAW.LATE & INVERT

THIS POINT
MAN

CONVERT 'POW41 IS CARDYES VIRSTTO FIXED FORMAT
a STORE 55 CARD?

I 

-S

140

;,0 Y,
140T 0149

CONVERT POINT
TO FIXED FOR"AT

r, STORE

F114D A)t,&Y

CAMIALATE T&ED,-
PATR FACTOR

Iftn'
YTAX)z +(&'()a 1

'IRS SET TO 5000

UD

NO LA& AT
1196 IN ?

YES

-t- - '17S

ISET PMEDRATE Tol
too lk LCULATE

pr ATE
c OR
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SET ~Po p

STORE ZNO MR

TVPE OUT
WF Sw 4 014

-rIPE &X.hI ft
PEE~b FA.CTOR
Ip swi oil

PUMaCK AX,Av &c
FEKSFALTOR
IF' Sw a 0%4

CLEAR FLA..S AT
REGIN W141ICIA

INDICATED
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06 CIRCLE CARD

LAG
ItOTIt VMS IMTATF IWVI!ftT ft

'IR^%sL^-r& THIS
CUKLE

No

CALCULATE FEE
lpt^-rE FACTOR

100 x FMDPATff
R

I

co*vz#L-r INTO
TO Flimb POINT

k STORE

READ CAVtD

? No TYPE 'IOS DOES MOT FOLLOW OGIA

YES

VMS ROTATE IMVEKr

INFO.

YES 130ES

COMMERT Imr-O
TO FIXED POINT

S-rolks

FiMb QUAI)RAWr
LOCATION OF

P. & p,
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oan",r PO4TIu-r

p~f~OUTPUT

SET 6. e
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18 OR 18CARD (ROTATION -TRANSLA-TION-
( INVERSION HEADER CARD)

SET PI.A* ^T
LINROT

WUASER CARP

iRNo

T W A % W O R K w o f t W O R K . W O R
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(pyl-T - py.-r) (px1 -x. - (y, Y. Px 2 -r rx-)

case -(P 2LmP)(PX 1T PXmTr) + fryz - P,)(pyjT..py,Tr)

Y. TWA14S P2K1T - rx, Cos 0 +4 PN, 2$INS

y ThANS - PY,T - P X, SIN 0 - ry, CaoS

S*T r'LAr. ^
LIMIF
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ROTATION- TRANSLATION - INVERSION WUB- ROUTINE

DIRECTION OF
CJRLLE IF I!MU -

LINKS

I.NR~OT 1I XC • .. 0: -- 1TUPl -. •r $1YSS

UHROT A . X CAA L Tmm + V SO

SAL-
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Appendix F

TAPS PWTTING RZTIU

This program plots nmerical control paper tapes prepared for the

CA Mark Century director on an 1M--1620 computer with an on-line

Cal-Coop plotter. The input to this program (Fig. X-1 of Appendix 3)

is a numerical control paper tape as prepared by the AUIII II Post

Processor Program (Appendix Z).

Typically, this tape would contain information for controlling the move-

ments of a numerically controlled flame cutting machine along the

perimeter of parts which have been nested on a steel plate. Thus,

this program has the function of confirming the correctness of the

nested parts prior to actual cutting of steel.
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ONEATIU INSTRUCIOS

A. Clear Memory

1. ROetei - fifietL

2. Type 26 00002 00003 , R-S

3. After 5 seconds, press Instant Stop

B. Load Program

1. Push Reset

2. Place tape plotting program in lead Hopper

3. Press Load Key on Reader

4. Push Reader Start to read last two cards

5. Parity Switch and I/0 Switch to Stop, O'flow to program

C. Operating Program

1. Thread N/C paper tape in paper tape reader

2. Set program switches

Prog. Sw. 1 - if Om, -my enter on the typewriter coordinates

for the desired starting point of the plotted figure. Up to

eight significant digits plus a sign and a decimal point may

be entered.

Example: If the starting point is (2,-2) key in

b2. i-S (where b is a blank)

-2. R-S
if Sw. 1 is OFF, the starting point is assumed

to be (0,0).

Prog. Sw. 2 - If ON, the X and Y coordinates for each

plotted point will be typed out. On circular moves, the

computer will print out the coordinates of the end points of

chords along the circle at 50 central angle intervals for the

prescribed arc length.

Prop. Sw. 3 - If ON, a scale factor may be entered to plot a scaled

figure. Again, up to 8 significant digits plus a sign and decimal

point may be entered on the typewriter. The scale factor is a

divisor; therefore, if for example, a 1/2 scale figure is desired,

the value to be keyed in is b2.

If Sw. 3 is OFF, a full-scale figure will be plotted.
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GI .AL DISCUSSION

The input to the director is a series of point along with a code indicating

whetber successive points are to b- joined by ctraight lines or circular

arcs. If successive points are to be joined by straight lines (i.e.,

straight line interpolation between points), the director requires

increments in the X and Y directions. If successive points are to

be joined by circular arcs, the input information consists of the direc-

tion of travel on circle (clockwise or counter-clockwise), and the incre-

ments AX and AY between the successive points. The center of the circle

is specified in the same record as AXX and CiY increments to the center

of the circle. Circular arcs greater than 900 must be described in two

steps.

In addition to tool path information, the tape contains information

concerning the operation of the machine itself, such as torch ignition,

dwells, etc. These are ignored by tape plotting program.

The first point is considered to be the origin of the figure, and con-

sequently no actual movement of the pen will be made until the coordinates

of the second point are calculated. With Switch 1 ON, the operator has

the ability to key in on the typewriter the actual values of the

coordinates of the first point. Otherwise, they will be automatically

considered to be zero.

A circular move consists of straight line increments (chords) which

correspond to a central angle of five degrees. Therefore, the initial

and terminal points must be at least five central degrees apart.

5.0.0 F-3



The input to the main program from the conversion (COW) subroutine

consists of the following quantities:

N AX Ay AJ A I

I Code number to indicate whether the next point is to
be joined by a straight line or by an arc of a circle,
and will also indicate direction on circle (i.e., counter-
clockwise or clockwise.

N- 1 Straight line interpolation

N = 2 Circular interpolation clockwise

N = 3 Circular interpolation counter-clockwise

AX AY = Delta-X and Delta-Y increments having both magnitude and
direction

AJ AR - Delta-X and Delta-Y increments in the direction of the center
of the circle when code calls for circular interpolation.

The function of the PlOT Subroutine is described on Page F-29.

SURlWIM FUNCTIONS

The Tape Plotting Program has been written in the FORTRAN language. This

program requires the addition of two subroutines to the FORTRAN Library

subroutine deck. These subroutines are called COW and PLOT. The COW

(Conversion) subroutine has the function of converting the non-standard

format of the N/C tape into a format acceptable to the FORITRN program.

The flow chart and program listing for this subroutins is contained

in this Appendix, starting on Page F-36.

The PLOT subroutine has the function of doing the plotting based upon

points as calculated by the mainline program. Thus, the normal sequence

of events is to (1) initialize the program, (2) go to the CONW subroutine

to read the N/C paper tape and convert the format of the data, (3) return

Lo Ohe maiullne program Lo calcuiaLe the point to bue piVutLtad, (4' ; &o Lo

the PIOT subroutine to plot the calculated point, (5) return to mainline

program, (6) go to CONV subroutine to read next block of information, etc.
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Mi&TMDKITICAL FaDJWAU USED

For Straikht Lines (Fig. F-1)

.3-x + X

YB y + y

Fig. F-I

For Arcs of Circles (Figs. F-2a and F-2b)

When &ZX = 0

If 6Y (+) -- o 900

If 6y (-) --- - 270°

Otherwise

TAN CPC - Y / 6X

o(a = ARc x / 6Y

Also

R = V92r& +D 61

TAN 5.0.0

ARCTAN DIA

5.0.0 F-5



For ,,3 (Counter-clockwise) t *9

In either case

IC - m + i. COS

YC - YA+ . SIN

When 1A1XC

if Y.A>Yc 9 T" - 96P

If TA) TC " - 2790

Otherwise
TAX -(Y- Y C)/(Xk - XC)

=AK4CfAN~

then,

For W-2: (Clockwise XFig. F-2a

x - C+ .C~s..- Co

First iove is
TE - YC + K.SII (*"•" ... )

in increments of 52

Second move IF - XC + LCOS 10ý)

YF - YC + R.SIN - 10v)

ID - xc +,.COS ( -•

Last move = yC + R 0

5. -. YC+0 s• -6-

5.0.0 F-6



anFor N-3: (Counter-clbckvise) (fig. F-2b)

!z- xC + It.= + )The first move is_
YE - YC + It.SIN (Z+ 5;-:)

in increments of 5ý

Secon awe F - IC + It.S (( + 109)

iiF = YC + 1L.511 + 10k-)

Last move B-M+ .D +

7B - TC + I.SiI ( +

5.0.0 P-7



(C

Fig. F-2a & = 2 clockwise

Fig. F-2b N - 3 Qmunteri-clockwise
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Fg@MUM Amu PSUJEJOGEI LISTIU

C **AIRCO TAPE PLOT 11/17/62 *

DXU'O.
DY-0.
DUMW4-PLOT(1 1111.)
IF(SENSE SWITCH 1)61,62

61 ACCEPT 201 ,VALX,VALY
GO TO 19

62 VALX-0-
VALYmO.

19 X-VALX
Y=VALY
REALX-VALX
REALY-VALY
Nwi
DJ-O.
DK-O.
L-2
GO TO 10

57 IF(SENSE SWITCH 3)54,55
54 ACCEPT 200,SCAL

GO TO 58
55 SCAL-1.
58 DUIMY-CONV(2.)

XP-DX/SCALYpP-DY/SCAL
DJ-DJ /S CAL
DK-DK/SCAL
GO TO (13,14,14),N

13 X=XXP

L-0
REALX-REALX+DX
REALY=REALY+DY

10 IF(SENSE SWITCH 2) 16,17
16 PRINT 200,REALXREALY
17 GO TO 320
14 L-2

R=SQRT(CDJ*DJ+DK*DK)
XB-X+XP
YB-Y+YP
IF(XP)1,2.1

2 IF(YP)3,1,5
3 TANA-9.9E48

GO To 4
5 T A "A- 9 .9 E 48

1 TANA-YP/XP
4 V-ATAN(TANA)

5.0.0 7.42-



I F(XP)9,8,8
8 IF(YP)6,7,7
6 V-6.28319+V

GO TO 7
9 v-.v3. 1416
7 DI ST-SQRT( XP*XP+YP*YP) /2.

ALT-SQRT(R*R-D IST*D 1ST)
TANAmsALT/D 1ST
VA-ATAN( TANA)
GO TO (13,73,72),N

73 VB-V-VA
GO TO 67

72 VB=ViVA
67 XC-X+R*COS(VO)

YCmY+R*S IN(VB)
V-3.14159-2.*VA
I F(X-XC)20,21 ,20

21 IF(Y-YC)22,20,24
22 VA--1.5708

GO TO 25
24. VA-1.5708

GO TO 25
20 TANA-(Y-YC)/(X-XC)

25 IF(X-XC)27,23,23
23 IF(Yý-YC)53,26,26
53 VA-6.28319+VA

GO TO 26
27 VA.-3.14159+VA
26 ANG-O.
34 ANG-ANG+.08727
44 L-L-1

GO TO (13,37,45),N
37 VB-VA-ANG

GO TO 36
45 VB-VA+ANG
36 XB-XC+R*COS(VB)

YB=YC+R*S IN(VB)
REALX-REALX+( XB-X)*SCAL
REALY=REALY+( YB-.Y)*SCAL
X-XB
Y-YB
GO TO 10

30 DIF-V-ANG
I F(DI F-.08727)47,349,34

47 ANG-ANG+DIF
L='.

GO To 44

5.0.0 9-13



320 1-1+1
x-x
DUMMY-PLOT(Y)

110 GO TO (58 30 57),L
200 FORMAT(2Fi0.I*)
201 FORMAT(FIO.4/F1O.4)

END

5.0.0F14
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ADukass Vrs *1 lit) III, oll) 1! 11115!1,;
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NO

Ho STOTM

AWR 4 MUMSEr
C.

140 YES
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NO
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ToRe yes K flo vrs 
ADDRESS.

Y.0 WbRXSS +2

-ý5YT

NO

42 7

140

ADM No mu"IsElt No Imus
ADPIM S+Z SASH

YES

9

40

,as AbVICESS
STORE Y No ZfElgo AVORE9S +

mo N=i CHARACrElt
ztxcEss+z

YES

YES

14 STOIR STORF mo uu"BER.

4.1

STO P, 6
KzQ
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ADbRESS mimth YES SILT
Abbom" + 2 $" 1 H 'A

No

zo

YES

y mo MUMBER ADDRESS.
PIOMLSS 41 z

F ADD-FSs 
YES "WO) a t4a s-rovtv

AD... S4-2 K.0

C-C-1

go YES Vas "bRES, :2

mu "beg ZERO I S ADDRLIS 29

L < MK> 11

....................... ............

STORE X C44AUCTERraTIL 114

NO RECO" p IIIIIJINS111-
M A RK iiiiiiiii j! 114. 1

%, Nl.ý

YES

Z4 STORE t4
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(AbbkrEý&26.AR

YES N

A~zb~YES

15bE~+ No NUBE NW uak

S~~1 ~ A S+ILbb~a~

It - ~4Y ~ RBS -NU E

5.0.0I~OSTR Ka



YES STORE ADVAS25 'Y-o egls+

42 YAS K 17 0 YZS 14AAXIL

IJD 31

ADbRgSg 4 7- jr -0 wjmbEft

30

YES ID,zA,-'L!Lt ZESO yes C-C-1
"AltIC =W

STORE 7 CRAWAOLIMI&TIL
ADDRLM. +1

No

40Rb 140 K
O-YES 

MAXIC

YES

30 Is
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PLOT SID•MTIM

U-

Tme plotter traces straight lin Increments ale% on& of the eight

directioms (fer axes) shame in Fig. 1. The Inermests are .010 in the

I and Y directions, and .01414e for the inclined directions.

A puach tape instruction, 1, 2, 3, •.., 8, will move the plotter in

mo of eight specific directions. Instruction 0 wili raise the pen,

and 9 will lomr the pen. + y

2

7

3

Fig. 1 Direction of Ubvement of fiotter
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Given a particular quadrant (Fig. 2), and a -specific point, the line

commrcting this point to the origin mat fall in one of the five cases

listed below:

case I Point 7 : AT - 0

Case .2 point q : &X >Ay

Zaae 3 Pwint a &I- &f

Case 4 point S : AY>A&x

Cae 5 foint T :AZ-0

Case A

T /3 Case 3
T

/

C// 2

Fig. 2

After determining the case,, the problemt is reduced to positioning the

point to one side of the bisector of the quadrant.
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For Ibist P having a null or less than .005 increment in the Y directim,

tha procedure ia as follow:

1. ftI of f the incemet at the 1/100 positioa by adding or

2. Add this rouded value to the corresponding coordinate of Point 0
and store it as the origin to determine the increment for the next
point to be joined.

3. Check for digit in the units position of the absolute value of the
Incrment for fast one-inch nos.

4. Mack for digit in the 1/10 position fc fast 1/10th-inch aee.

5. Tet for digit in the 1/100 position for single maevs.

By aibtracting one f the corresponding position after each awe, the

iwill be zero at the cmpletioan of the total move.

For Tolat I the procedure Is the sam as mentioned above for Point P

with the differenee that both irmmats X and Y ... , fi8. 2) will

be reouded off ant added to the coordi•ates of Pblat 0

Smthed for plotting those Points Q having unequal increments in

X and Y Ls as follows:

1. Get the ratio of the smaller to the larger increment in absolute
value.

2. Round off the increments X and Y and add then to the coordinates
of the Point 0 to use these mew values as the origin to calculate
the increments for the next point to be joined.

3. Approximate the line OQ (Fig. 3) with segments Ok, AD, etc., in

the following manner.

4. Set an XY counter equal to .005

5. Add W (Ratio x .01") to the counter

6. Caqoare the counter with AN (. .01) (check for digit in the
1/100 position)

a. If the counter is greater, it means that we are closer
to the actual line going through the diagonal rather than
the horizontal line

15 + .005>
( .. A-4 <. 005

(Note: The XY counter has to be reduced by YA after the
diagonal move and the cycle goes back to Step 5.)
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b. If the counter is less than W& the closest path is the
horizontal line

101 + .005 < MN-

:.AN- ig > .005

(Note: The cycle gqes back directly to Step 5 after
the horizontal move.)

An analysis of the moves from 0 to B of Fig. 3 will help to
clarify the method.

1. XY counter = i + .005 >

2. tbve Ot

3. XY Counter =Ni + .005 - AM

4. XY Counter - MN + .005 - AM + N
S: -2 + .005 - A

5. XY Counter -t+ .005 - Ai<AM

.I+.005 < M

6. MoveA3

I

0 .01"

Fig. 3
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USE OF THE SUIROUTIU IN A FORTRAN MROCRGM*

The calling sequence for the plot subroutine is:

X - Any expression

Dummy - PLOWF (Y)

X - Coordinate X of the point to be plotted. This value
must be on the right-hand side of the instruction
preceding the plot instruction. This is to place this
value in FAC (Floating Point Accum-lator).

Y - Coordinate Y of the asme point

Duy - Any floating point dumy variable not used in computation

a. Dumy - PLOTF (11111.) is an instruction that mast be placed at
the beginning of the program. This will eat the subroutine to
start, put the pen down, and ready the subroutine for a set of
data.

b. Dumy = PlOT? (50000.) will only put the pen down

c. Dumy - PlOT (60000.) will put the pen up

Instructions. b., and c., are complete by themselves and do not require

any prior instruction.

Attention is called to the fact that the origin of the plotted figure is

automatically set as the first point.

This subroutine can only handle I and Y values having up to three

integers (at the moment they are stored in FAC and argument, respectively,

ready to be plotted).

*The User should refer to the FORTRAN Manual for the procedure to incor-

porate this subroutine in the library subroutines deck.
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* * * SAMPLE FORTRAN PROGRAM * * "

C SAMPLE PROBLEM FOR PLOT SUBROUTINE
JULIOO

C SET THE PLOT SUBROUTINE TO INITIATE
10 DUMMYPLOTF( 11111 .)

READ 100,SCALXSCALY
C READ IN X AND Y COORDINATES CF THE POINT

11 READ 100,X,Y
C CHECK FOR-PEN UP OR DOWN

I F(X-5000.) 12,13,14
C PUT THE PEN DOWN "

13 DUMYPLOTF(50000.)
GO TO 11

C PUT THE PEN UP
14 DOUHY-PLOTF(60000.)

GO TO 11
12 Y-Y*SCALY

X-X*SCALX
DUMMY=PLOTF(Y)

.GO TO 11
100 FORMAT(8X,F15.8,3X,F15.8)

END

SAMPLE DATA
.5 .5
2. 2.
6. 2.
6. 6.
2, 6.
2. 2.
3. 3.

6000. 0.
5. 5.

5000. 0.
62 6.

6000. O.
6. 2.

5000. 0,
5: 3.

6000. 0.
2., 6.

5000. 0.
3. 5.
5. 5.
5. 3.
3. 3.
3. 5:
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